Summary. DNA-dependent RNA polymerases have been solubilized from separated head and tail fractions from normal bovine spermatozoa and from spermatozoa carrying the 'decapitated sperm defect'. When enzyme extracts from separated heads and tails were chromatographed on DEAE\p=n-\Sephadex, the head fraction was resolved into 2 distinguishable peaks eluting at about 0\m=.\11 and 0\m=.\15m-(NH4)2SO4 while the tail fraction yielded 4 distinct peaks eluting at about 0\m=.\11, 0\m=.\15, 0\m=.\255and 0\m=.\35 m-(NH4)2SO4. Results identical to those observed for sperm tails were obtained with extracts prepared from highly purified mitochondria from bovine or murine heart or liver.
Introduction
When incubated with RNA precursors, mammalian spermatozoa synthesize RNA (Abraham & Bhargava, 1963; Premkumar & Bhargava, 1972 MacLaughlin & Temer, 1973; Betlach & Erickson, 1976; Fuster, FarreU, Stern & Hecht, 1977) . Inhibitor and localization studies have led investigators to conclude that the RNA transcribed in ejaculated spermatozoa is of mitochondrial origin (Premkumar & Bhargava, 1972 . Fuster et al (1977) have shown that the RNA polymerase activity in ejaculated bovine spermatozoa is mainly associated with the tau fraction of the spermatozoa, but separated sperm heads and tails are both capable of RNA transcription utilizing endogenous templates and enzymes (Hecht & Williams, 1978) . Differences in cation and temperature optima and differential responses to atractyloside, aamanitin, and rifamycin SV suggested that the head and tail fractions of the spermatozoa contained different RNA polymerases (Hecht & Williams, 1978) .
In this communication we seek to define the transcriptive capabilities of spermatozoa by characterizing the solubüized DNA-dependent RNA polymerases present in separated head and tail fractions from ejaculated spermatozoa.
Materials and Methods
Trizma base, glycine, 2-mercaptoethanol, a-amanitin, soybean trypsin inhibitor, calf thymus DNA, DEAE-Sephadex A-25, and ethidium bromide were purchased from Sigma Chemical Co.
(St. Louis, Missouri) . [3H]UTP (sp. act. 14-36-8 Ci/mmol) and Protosol were supplied by New England Nuclear Corporation (Boston, Massachusetts). Rifampicin was a product of Calbiochem (La Jolla, CaUfornia) . The unlabeUed ribonucleoside triphosphates and enzymegrade sucrose were purchased from Schwarz/Mann Division (Becton Dickinson Co., Orangeburg, New York). Glycerol, spectro grade, was supplied by Eastman (Rochester, New York).
Preparation ofenzyme extracts from spermatozoa and mitochondria Highly purified fractions of sperm heads and taüs were obtained as previously described (Hecht & Williams, 1978) . In brief, washed spermatozoa were sonicated and then layered over a discontinuous sucrose gradient containing 0-9 m-and 2-0 M-sucrose. Preparations containing 97% heads and 99% tails were routinely obtained. When the spermatozoa were from a bull carrying the 'decapitated sperm defect' (Hancock & RoUinson, 1949; Jones, 1962; Mann, 1969; Blom & Birch-Anderson, 1970) , the sonication step was omitted. Identical results were obtained with spermatozoa from either source.
Freshly isolated fractions of heads and tails from 2-5 10s spermatozoa or mitochondria prepared from 3 g calf liver as previously described (Hecht, 1975) were suspended in 4 ml extraction buffer (0-05 M-Tris-HCl (pH 7-9), 0-002 M-MgCl2, 0-004 M-2-mercaptoethanol, 0-0001 M-EDTA, 25% glycerol) containing soybean trypsin inhibitor (50 µg/ml), 0-1 m- (Hecht, 1975) (b) and 1 (c) were obtained when mitochondria were isolated from bovine heart by a KC1 procedure (Sordahl, Johnson, Blailock, & Schwartz, 1971) or when mitochondria from murine liver or heart were used. The reaction mixture and conditions of assay were as described in 'Methods' except for the indicated modification. The assays in which the addition of 2-mercaptoethanol was omitted contained a final concentration of between 0-16 and 0-32 mM-2-mercaptoethanol.
The standard reaction mixtures incorporated between 1217 and 2735 c.p.m./assay.
Qualitatively similar Chromatographie results for sperm taüs and mitochondria were obtained when extracts were prepared as foUows: (1) the enzymes were solubilized with extraction buffer containing 0-5 M-KC1 which was diluted before loading onto the DEAESephadex column; (2) the enzyme extract was incubated for 1 h at 37°C before loading; (3) the deoxycholate and dithiothreitol were deleted from the extraction buffer; and (4) the enzyme extract was incubated for 30 min with DNase (100 µg/ml) and RNase A (50 µg/ml) before loading. The addition to all buffers of three protease inhibitors, phenylmethyl sulphonyl fluoride at 1 mM, -amino n-caproic acid at 1 mM, /j-aminobenzamidine at 1 mM or the anti-oxidant, 2,6-di-tertbutyl 4 hydroxymethylphenol at 50 µg/ml, did not alter the Chromatographie profiles of the extracts prepared from purified mitochondria or sperm taüs.
To help differentiate between the multiple peaks of DNA-dependent RNA polymerases, the effect of divalent cations was studied. RNA Polymerases 1 and N2 were extracted and purified from Uver nuclei as previously described (Farrell & Hecht, 1975) (Text-fig. 2d ).
To test the effect of increasing concentrations of ammonium sulphate on the solubiUzed enzymes, they were assayed in the presence of 50 mM and 200 mM ( (Chambón et al, 1970) . RNA polymerase 1 activity is not significantly inhibited by a-amanitin at concentrations up to 2-4 µg/ml while RNA polymerase 2 is markedly inhibited by a-amanitin (Roeder, 1974 (Scragg, 1971 (Scragg, , 1974 Tsai, Michaelis & Criddle, 1971; Wintersberger, 1972; EccleshaU & Criddle, 1974) , Neurospora (Kuntzel & Schäfer, 1971) , Xenopus ovaries (Wu & Dawid, 1972) and rat Uver (Saccone, Gadaleta & Gallerani, 1969; Reid & Parsons, 1971; Mukerjee & Goldfeder, 1973; GaUerani, de Giorgi, de Benedetto & Saccone, 1976 Saccone & Quagliariello, 1975) . These conflicting observations are further confused by the ability of a sucrose gradient-purified RNA polymerase from rat liver to yield 4 distinct activity peaks with different sensitivities to inhibitors after chromatography on DEAE-Sephadex (Mukerjee & Goldfeder, 1973) . In general, most investigators have isolated from mitochondria DNA-dependent RNA polymerases that tend to aggregate readily at low ionic strengths, are insensitive to a-amanitin, and often are inhibited by rifampicin and high ionic strength (Saccone & Quagliariello, 1975) . In addition, mitochondria have been reported to contain a poly (A) polymerase, an enzyme that incorporates ATP into an acid-insoluble form without a DNA template (Rose, Morris & Jacob, 1975; GaUerani et al, 1976 ). An objection often raised to reports of multiple mitochondrial RNA polymerases is that it is exceedingly difficult to obtain mitochondria free of nuclear and cytoplasmic contaminants. The taüs of ejaculated spermatozoa provide an excellent system from which to extract mitochondrial enzymes since most of the cytoplasm of the maturing germ cells is lost during spermiogenesis. The identical RNA polymerase profile obtained from sperm tails or from purified somatic mitochondria makes it unUkely that the presence of multiple mitochondrial enzymes can be ascribed simply to nuclear or cytoplasmic contaminants. Furthermore, two of the enzymes present in the sperm taü preparation, T3 and T4, are (Fuster et al, 1977) ; (2) all washing and extraction solutions are sterile; (3) if bacterial contaminants were present in each preparation identical enzyme profiles with extracts from sperm tails and somatic mitochondria and a different profile with extracts from sperm heads would not be expected.
To determine whether proteolysis was creating multiple enzymes from one RNA polymerase, we attempted to stimulate proteolytic activities by incubating the enzyme extracts for up to 60 min at 37°C. No significant changes were observed in the enzyme profile of these incubated extracts after chromatography on DEAE-Sephadex. Similarly, the addition of three protease inhibitors, phenylmethyl sulphonyl fluoride, -amino n-caproic acid, and p-aminobenzamide, to aU isolation and extraction buffers failed to alter the Chromatographie profile of mitochondrial extracts. This does not exclude, however, the possibility for the existence of a proteolytic activity that is resistant to the protease inhibitors under the conditions we tested.
Since mitochondrial RNA polymerases have been shown to aggregate at low salt concentrations (Saccone & QuagliarieUo, 1975) Assaying highly purified populations of sperm heads and tails we observed that both fractions synthesized RNA using endogenous templates and enzymes (Hecht & Williams, 1978 (Hecht & WiUiams, 1978) . When solubiUzed enzymes were assayed in the presence of rifampicin, the activities from the tails were inhibited while the activities of the two enzymes from the head fraction were not depressed. This apparent paradox in which solubiUzed and in-situ sperm nuclear RNA polymerases demonstrate differential responses to rifampicin may be explained by enzyme or inhibitor interactions with other proteins in the sperm nucleus.
These results indicate that the nuclear genome and the mitochondria of the spermatozoon each contain DNA-dependent RNA polymerases. The role that these enzymes play in transcribing RNA essential for gamete maturation and post-fertilization events is unknown. However, Kaulenas & Fairbairn (1968) and Foor (1970) have demonstrated that RNA synthesis by the male genome occurs at the time of fertiüzation in Ascaris, a time when the maternal genome is undergoing meiotic divisions. Longo & Kunkle (1978) have reported that the paternal genome of fertilized sea-urchin eggs transcribes RNA at the time of fertilization. The presence of RNA polymerases associated with the head of the ejaculated spermatozoon may facilitate the transcription of RNA species from the paternally derived genome that are essential for post-fertilization development.
